exposed to such high pH at 50°C and subsequently was completely deactivated within 4 days.
23
The effect of sulfur dioxide and nitric oxide that are present in post-combustion flue gas per second [1] [2] [3] [4] [5] [6] [7] . This hydration can be beneficial for increasing the absorption efficiency of (see Figure 1) . However, the effect of these anion inhibitors is said to be reversed by an solutions were all prepared in Tris buffer (pH 7.2) at a concentration of 1 mg mL -1 .
151
The CA variant used in this work was a developmental microbial CA produced by
152
Novozymes A/S (Bagsvaerd, Denmark) via a fermentation and recovery process. The in contact with the hollow fibers for 5 min to allow the polyelectrolytes to adsorb onto the 181 hollow fibers, followed by a wash step with ultrapure water for 10 min. 
Flat Sheet Membrane Experiments

184
In initial experiments, moist PP membrane coupons with adsorbed enzyme were 185 placed in a stainless steel vessel. The vessel was evacuated and then pressurized with 1000 186 ppm of SO 2 or NO in N 2 to 2 bar abs, giving a final impurity partial pressure of 200 Pa.
187
Other membrane coupons were dried under a stream of N 2 gas for 3 min before being placed 188 in the vessel. In this case, the vessel was purged with N 2 at atmospheric pressure (1 bar abs)
189
and pressurized with 1000 ppm of SO 2 or NO in N 2 to 2 bar abs for a final SO 2 or NO 190 concentration of 500 ppm in N 2 , resulting in a final impurity partial pressure of 100 Pa abs.
191
The membrane coupons were removed from the vessel periodically to determine the enzyme activity. After each removal, the vessel was purged with N 2 and re-pressurized again with 500 
Operation of the Hollow Fiber Membrane Contactors
218
A pilot plant gas absorption unit that was described previously [12] was utilized for 219 these experiments. Pure CO 2 was fed to the lumen side of the enzyme-coated hollow fibers at where R is the gas constant (8.314 J/mol.K), P is the feed gas pressure (Pa) and T is the This loss of activity may have resulted from reaction of the gas with the enzyme.
273
However, it might also be attributed to a fall in the pH of the moisture that is present within 274 the membrane. Both SO 2 and NO are known to form strong acids when dissolved in water in 275 the presence of oxygen, with H 2 SO 4 having a pKa value of around -3; while HNO 3 has a pKa 276 of -1.45 [51] . Given the small quantities of water present within the samples, it is likely that 277 the pH fell to these levels during exposure, particularly given the oxygen contamination when 278 opening and closing the vessels.
279
To separate these two effects, the membrane coupons were exposed separately as at all (Figure 4b) with water prior to analysis. An acidic pH of 2 causes the activity to decrease by 30-40%.
311
The activity decrease at this pH is independent of the NO 2 -or NO 3 -concentrations across the amount of water present in these structures was exposed to the acid gases.
315
Similar trends were observed for the immobilized enzyme activity upon exposure to 316 SO 2 , SO 3 2-and SO 4 2-, as shown in Figure 5 . The dry SO 2 gas again has a small effect, but it 317 represents less than 10% activity loss and may be within experimental error. The SO 4 2-anions 318 do not negatively affect the CA activity at pH 6.4 within experimental error, consistent with 319 the literature. The effect of SO 3 2-is also small at pH 6.4, although there is again evidence of a 320 slight decline. However, the activity loss is heavily dependent upon the environment pH. be observed that the enhancement factor at 50°C decreases rapidly because of a higher 379 likelihood of enzyme deactivation.
380
After 70 h of operation, the enhancement factor decreases to 1.6, which was found to 381 be the value of the base enhancement factor in the absence of any enzyme at 65°C [12] .
382
Therefore, it appears that the CA appears to be completely deactivated after 3 days of 383 operation in the 50°C absorption process.
384
The activity of an enzyme (a) is known to follow an exponential decay mechanism as for the CA to be completely deactivated (i.e. when the enhancement factor is unity). As shown in Figure 9 , the immobilized enzyme is predicted to survive in the 30 wt% 
406
Where λ 0 is the decay constant at T = 0 K, R is the gas constant and E D is the However, the concentration levels of these toxic gases (500 ppm) or their anions (200 mM)
451
was much higher than what would normally be obtained from post-combustion gas streams.
452
The further development of an enzyme that retains this resistance towards gas impurities, but 
